Abstract. We proved that any even number not less than 6 can be expressed as the sum of two old primes, 2n = p i + p j .
Introduction
The Goldbach conjecture was one of the oldest unsolved problems in number theory [3, 4] . It states that for any even number 2n there exists a pair of double primes (p i , p j ) such that 2n = p i + p j , and usually represented as '1+1'. The best result is the Chen's Theorem [1, 2] that every 'large' even number may be written as the sum of a prime and a semiprime (2-almost primes). Our result is as theorem 1.1. Theorem 1.1. There is at least one pair of double primes for any even number 2n = p i + p j ≥ 6. Let P={p 1 , p 2 , ..., p v } = {2, 3, ..., p v } be the primes not exceeding √ 2n, then the number of primes not exceeding 2n [5] is, 
The number of double prime pairs in 2n
Let Z = {1, 2, ..., m}(m ≤ 2n − 1) be a natural arithmetic progression, Z ′ = 2n − Z = {2n − 1, 2n − 2, ..., 2n − m} be its accompanying arithmetic progression, so that 2n = Z k + Z is not zero, we should delete the multiples of p i in Z ′ , i.e. the items of (2n − Z k )modp i = 0 or Z k modp i = (2n)modp i in set Z,
is the number of elements which, when added before Z ′ , will make a new progression ( 
will delete all pairs with Z k modp i = 0 in set Z, and Eq. (2.4) will delete all pairs with Z k modp i = λ i in set Z.
If (2n)modp i = 0, then for some Z k modp i = 0, we have Z ′ k modp i = (2n − Z k )modp i = 0. These two items are in the same pair and should be deleted only once, thus,
where 0 ≤ δ ≤ 1 with,
After deleted all the multiples of p i in both Z and Z ′ , the pairs will leave,
pi , when operating on m, will leaves the items having no multiples of p i . After deleted the multiples of the primes p i ≤ p v in both Z and Z ′ , the pairs left will be prime pairs and have,
the meaning is as follows,
, if it does not exist then λ ij > m, m + θ ij < p i p j and this item will be zero. Note that λ ij = 0 because p i ∤ (2n) and p j ∤ (2n).
If it exists and (2n)modp j = 0, then 1 ≤ λ i|j ≤ p j − 1, and
. If there is no such λ i,j in set Z, i.e., λ i,j ≥ (m + 1), then the last item in Eq. (2.11) will equal zero. Let m = 2n−1, then Z = {1, 2, ..., 2n−1} and Z ′ = 2n−Z = {2n−1, 2n−2, ..., 1}. For each pais, there is another same pair:
is prime, it must be the same pair 2n = Z n + Z ′ n = n + n. Therefore, from Eq. (2.9), the actual number of prime pairs in 2n is, (2.14)
where D( √ 2n) ≥ 0 is the number of prime pairs 2n = p i + (2n − p i ) when p i ≤ p v < √ 2n, p j = 2n − p i are both primes, and (2.15)
Remember that when (2n)modp i = 0, 
1 − 
So the items of Z k modp j = 0, λ j have,
is the number of items left after deleted the items of X k modp i = 0, λ i .
pj , is the number of items left when we first delete those Z k modp i = 0, λ i from set Z, and then delete those
pi }, where set X is no longer an arithmetic sequence. In general,
3. Some property
We can represent Eq. (3.5) as 
Some lemma
Proof.
, and λ j = (2n)modp j = 0 else
(a) if 3b pj = 0, then ε 1 = ε 2 = 0.
• a = 0: ε ≥ s − ε 4 ≥ 0.
• if a ≥ 1:
Else for b + θ j = p j , i.e., b = 1 and θ j = p j − 1, ε 4 = 1. But θ j = p j − 1 − (2n − 1)modp j , so (2n − 1)modp j = 0, or (2n)modp j = 1. Let us consider θ i,j = p i p j − λ i,j . From Eq. (2.13), λ i,j = λp i = 3λ, with the condition (2n − 3λ)modp j = 0. (3λ)modp j = (2n)mod5 = 1, so λ = 2 and θ i,j = p i p j − 3λ = 3 · 5 − 3 · 2 = 9. apj +b+θi,j 3pj
Therefore, apj +b+θi,j 3pj
• if 3b pj = 2, then ε ′′ ≥ 0.
• if 3b pj = 1, because θ i ≥ 1,
So ε 1 + ε 2 ≤ 1 and
• If s ≥ 2 then ε ′ ≥ 1.
• If s = 1 i.e., s = Therefore,
In summary, ε ≥ 0 for all p i < p j ≤ √ m. the Lemma is proved.
We can follow the same method above (it is a little easier),
pi . Eq. (4.1) and (4.2) mean that, after deleted the items of Z k modp j = 0, λ j from Z, the items of Z k modp i = 0, λ i , will have,
where ∆(p i ∦ 0, λ i ) ≥ 0 is the extra items of Z k modp i = 0, λ i and Z k modp j = 0, λ j . Thus the effect of 1 − 1 pj − 1 pj is that it constructs a new effective nature sequence with at least ⌈m(1 − 3p j )⌉ items which satisfy the condition Z k modp j = 0, λ j .
This lemma means that, from equation (4.1) and (3.6), we can let
+t, t ≥ 0, and operated by 1 − 
Proof. For p i = 2, p j = 3, m = 6s + t, from Eq. (3.4),
For the residual class of modulo 6, X = {6s + 1, 6s + 2, · · · , 6s + 6}, X k mod6 = {1, 2, 3, 4, 5, 6}, there are 4 elements (2, 3, 4, 6) of multiples of 2 or 3. For the other elements X k mod6 = {1, 5}, there is at least one item with 3 ∤ (2n − X k ) or X k mod3 = (2n)mod3. So m will have at least
Suppose that for 1 < r ≤ i m ,
where t ≥ 0. It means that the effect of operator 1 
If (2n)modp r−1 = 0, then (4.9)
In fact, if . We can arrange the m items in a table of p j rows (Table 1) .
m pj will delete the p j th row, and m+θj pj will delete the (2n)modp j th row. Thus there are (p j − 2) rows left in which each item Z k modp j = 0, (2n)modp j . 
in any row of the first sp i columns consist in a complete system of residues modulo p i , because C 1 = {1, p j + 1, 2p j + 1, · · · , (p i − 1)p j + 1} and C r = {C 1 + r} are both complete system of residues modulo p i , where r is any (row or column) constant. There are (p j − 2) such rows or sp i (p j − 2) items left. These items are effective to a nature sequence when deleting multiples of p i ,
If we add these items by removing those from the end of sequence, then the sequence is again effective to a nature sequence, which has at least,
For s = 1 and a = p i − 1, the items of t have p j rows, p i − 1 columns and some b items. In each of the first b rows, there are exact p i items which consist in a complete system of residues modulo p i , and these items can be considered as an effective nature sequence when deleting the multiples of p i (Z k modp i = 0, λ i ). The other items have at most p j rows and p i − 1 columns where the multiples of p j have at most 2(p i − 1). As before, we can add these items to make the t as an effective nature sequence, therefore,
Thus for any p i < p j , the original sequence of m ≥ p Besides, when 6 ≤ 2n ≤ 120, we know that there is at least one pair of primes p i , p j such that 2n = p i + p j . In fact, from Eq. (6.1), D(2n) approaches infinity as n grows without bound. The proof is completed.
Corollary 6.2. Any odd number not less than 9 can be expressed as the sum of three odd primes.
Proof. If n is odd number, p 1 = 3, then n − p 1 ≥ 6 and can be represent as the sum of two primes p 2 + p 3 from Theorem 1.1. So n = p 1 + p 2 + p 3 . 
